Learning in the environment requires a complex interplay between sensory information, ongoing behavior, and the consequences of a given behavior. When animals are confronted with a sensory cue, an evolutionarily conserved stimulus-response (S-R) relationship can be revealed through behavioral action selection (Heisenberg 2015) . In a complex environment, however, learning through experience might provide a benefit to an animal by altering the selection of a particular S-R pathway. How native S-R-behavior interacts with associative processes is a largely open question. Indeed, tests of learning typically avoid biased environments that might test for interactions of this sort. For example, spatial learning in rodents and flies typically use visual stimuli in the environment which do not bias spatial preferences in search quadrants prior to conditioning (i.e., a weak or absent S-R environment) (Morris 1984; Foucaud et al. 2010; Ofstad et al. 2011) . Moreover, classical olfactory conditioning in adult flies is usually done in dark conditions with balanced aversive odor cues to minimize potential interactions of intrinsic biases and memory formation (Tully and Quinn 1985; Zars et al. 2000a; McGuire et al. 2005; Kahsai and Zars 2011) . However, classical olfactory conditioning with different odor concentrations in larval Drosophila animals suggests an interaction of learning with intrinsic chemotactic S-R behavior (Schleyer et al. 2015) . Moreover, the ability of adult flies to suppress a light preference in the aversive phototaxic suppression (APS) paradigm when light is associated with quinine suggests an interaction of learning with this sort of S-R behavior (Seugnet et al. 2009; Dissel et al. 2015) . To understand better how action selection occurs in a complex environment with potentially competing S-R behaviors and learning, what is needed is a robust conditioning paradigm that allows for exposure to different sensory stimuli with individual animals.
Drosophila exhibit multiple experience-independent innate S-R behaviors that lend themselves to examining interaction with learning. Three S-R relationships were examined here. If a fly is presented with a localized air source, at least in flight, flies will typically orient and move toward an air source, which is termed anemotaxis (Budick et al. 2007; van Breugel and Dickinson 2014) . Flies also prefer to move toward a light source in fast phototaxis (Benzer 1967; Kain et al. 2012) . The S-R behavior here is an attraction to lit versus dark targets (Le Bourg and Buecher 2002; Seugnet et al. 2008; Kain et al. 2012) . Finally, flies move against gravitation. For example, if given sequential choices to go up or down in a repeated Y-maze, flies largely prefer the up-choice (McMillan and McGuire 1992; Armstrong et al. 2006) .
A potential modification of S-R behavior was tested in an operant place learning paradigm in Drosophila using the heat-box. In this assay, a fly is typically placed in a dark long narrow chamber (1 × 2 × 34 mm). In the absence of conditioning flies walk back and forth between the chamber ends, presumably searching for an escape from this environment (Zars et al. 2000b ). Addition of localized air, light, and gravitaxis cues might be used by flies as potential cues for an escape route, and biased searches toward these sensory cues could reveal S-R behaviors. Importantly, flies can be conditioned by associating movement to different parts of the chamber with rising high temperatures (Wustmann et al. 1996; Wustmann and Heisenberg 1997; Zars 2010; Ostrowski and Zars 2014) . Flies can be quickly trained and show a persistent place preference in the chambers for several minutes (Zars et al. 2000b; LaFerriere et al. 2011; Ostrowski et al. 2015) . Individual flies are conditioned, and positional information is recorded at high spatial (0.2 mm) and temporal (10 Hz) resolution (Sitaraman and Zars 2010) .
Interaction of S-R behaviors with place learning and memory in the heat-box was tested. Naïve and potential interactions of preference behavior with learning were done with a localized air source, one lit chamber end, and on an incline (Fig. 1) . That is, we tested whether S-R behaviors would be revealed in the heat-box with air source, light, and gravitational cues, with and without conditioning. Moreover, flies with mutations in the dunce (dnc) cAMP-phosphodiesterase and rutabaga (rut) adenylyl cyclase were examined in all conditions.
Results

Air source preference interaction with learning and memory
We first examined the potential influence of learning on anemotactic S-R behavior. The heat-box was fitted with a potential air source at the back of the chambers. A valve allowed us to provide a low level of airflow into the chamber. Flies were either exposed to an air speed of ∼0.7 m/sec or no-air flow in the chamber. In all conditioning experiments the back end of the chamber was associated with 41°C. The no-conditioning group similarly "associated" the back half of the chamber with the baseline temperature of 24°C. A performance index (PI) represents the proportion of time spent in the front half of the chamber. A PI of zero indicates an equal preference for the front and back half of the chamber. A PI of 1 would be a perfect preference for the front of the chamber and a negative PI indicates a preference for the end with the air source.
Wild-type flies show a strong effect of an air source on average spontaneous place preference, but learning completely suppresses this S-R behavior. Wild-type CS flies had an average place preference score of between −0.3 and −0.4 in the presence of the air source in the no-conditioning group ( Fig. 2A) . This shows that as a group flies preferred the end of the chamber with the air source. In the conditioning group, CS flies again showed a strong prefer- Figure 1 . Flies were conditioned in the presence of stimuli that could act as potential attractive cues. In the anemotaxis experiments, an air source was provided at the back of the chambers. A fly with a potential preference for the air source is represented, with the arrows suggesting movement toward that source (front and back refer to either end of the chamber). Training associated the chamber end with the air source with 41°C. In the phototaxis experiments, a light source was provided at the front of the chambers. Training associated the lit end with the aversive temperature of 41°C. In the gravitaxis experiments, chambers were shifted at 7.8°and 15.6 o from the horizon. Training associated the higher end with the aversive temperature of 41°C. Controls for each of these cues were without the potentially attractive cue. A second set of controls used the nonaversive temperature of 24°C as the "training" temperature. No conditioning was expected in these control conditions, and provided information about the attractiveness of the cues presented. Under no-conditioning, wild-type CS flies show a preference for the side of the chamber with the air source compared to flies not exposed to an air source, evident in negative values (Wilks λ = 0.0378 F (33,313.0) = 20.3, P < 0.00001 for all groups and conditions. Duncan post hoc tests with significant differences are represented, (*) P < 0.05; (**) P < 0.01; (***) P < 0.001). Moreover, the pretest phase in a training experiment also shows a significant negative value compared to flies from the no-air group. In both training conditions, the Training and Post-test phases are strongly positive, but are not statistically distinguishable in the air and no-air groups. (B) There were no preferences for an air source in dnc 1 flies compared to flies from the no-air group. Only the Post-test performance of dnc 1 flies was significantly lower than that of CS flies in the absence of air. The ence of the end of the chamber with the air source, but only in the pretest phase. This preference was completely suppressed during the training and post-test phases ( Fig. 2A) . The air-source preference is similar to the preference flies have to orient toward and approach an air source in flying flies (Budick et al. 2007; van Breugel and Dickinson 2014) .
We also tested dnc 1 and rut 2080 mutant flies. The dnc 1 flies showed no average preference for the end of the chamber with the air source (Fig. 2B) . In contrast, the rut 2080 mutant flies showed a preference for the chamber end with the air source (Fig. 2C) . The training scores gave mixed results for dnc 1 and rut 2080 mutant flies compared to CS, with dnc 1 mutant flies having a significantly lower performance in the presence of airflow, but not in the control case (Fig. 2B ). For rut 2080 mutant flies, a lower training score was evident in only the no-air control condition (Fig. 2C) . The post-test scores were significantly lower in dnc 1 and rut 2080 mutant flies compared to those of CS flies in all cases. The results from the control conditions are similar to previous findings, where dnc 1 mutant flies have a relatively normal training performance but lower post-test score, and rut 2080 flies have lower scores in both phases (Wustmann et al. 1996; Zars et al. 2000b ).
We also examined activity levels in the pretest phase for all genotypes and conditions. In this case, we identified a strong effect of the presence of air on locomotor activity across all genotypes (Table 1) , consistent with previous observations (Yorozu et al. 2009 ). In these measures, we removed the requirement for an eventual experience with the high-temperature chamber half during the conditioning phase since these activity measures were made before there were any chances to experience a high-temperature exposure, and this reveals an effect of dnc 1 and rut 2080 mutation on behavior in the presence of an air source. In wild-type CS flies, activity levels in the presence of an air source were reduced more than 50% compared to the levels of flies in the absence of an air source. Both dnc 1 and rut 2080 flies have reduced activity levels in the absence of an air source, and an apparent strong sensitivity to an air source in that the activity levels are again significantly lower in mutant flies compared to CS flies (Table 1) . Relative changes in activity were also examined by normalizing activity levels to those in the absence of an air source. CS activity levels in the presence of air were 0.50 and 0.41 in the no-conditioning and conditioning groups, respectively. Both dnc 1 and rut 2080 flies were still significantly lower in activity in the presence of air after normalization (dnc 1 = 0.34 and 0.28 in no-conditioning and conditioning groups, P's < 0.01 with Duncan post hoc tests; rut 2080 = 0.27 and 0.29 in no-conditioning and conditioning groups, P's < 0.01 with Duncan post hoc tests). The reductions in locomotor activity in the presence of air for dnc 1 and rut 2080 were consistent across all of the experiments, and suggest this as an effect of air exposure on the behavior of these mutant flies.
Light preference interaction with learning and memory
We next examined the potential interaction of learned behavior on a light-based S-R behavior. The opaque stoppers that are typically used to hold flies in individual chambers in the heat-box were replaced with translucent stoppers and the room remained lit, in contrast to conditions that were used in all other experiments. The effect was that flies had an approximate 200 lux light source at the front of the chamber. In all conditioning experiments the front, lit end, of the chamber was associated with 41°C. The no-conditioning group similarly "associated" the front half of the chamber with a baseline temperature of 24°C.
Flies show a preference for the lit end of the chamber, but conditioning completely suppressed this behavior. In the absence of conditioning, flies showed a significant stable light preference, evident in the negative PI for each of the phases of an experiment (Fig. 3A) . This preference was also evident in the pretest phase of the conditioning experiment. In contrast, the training and post-test phases completely suppressed the light preference S-R behavior.
Mutant dnc 1 and rut 2080 flies do not show a light preference, and have a deficit in training and post-test performance. In the no-conditioning experiments, dnc 1 mutant flies show no preference for the lit end of the chamber (Fig. 3B) . The dnc 1 mutant flies only had a significantly reduced training score in the presence of light compared to those of wild-type flies, and strongly reduced post-test scores in both dark and light conditions. The rut 2080 mutant flies also showed no preference for the lit end of the chamber (Fig. 3C) . The rut 2080 flies also showed a significantly lower training and post-test score compared to those of wild-type flies during the training and post-test phases of the conditioning experiments. Thus, at least under these conditions, dnc 1 and rut 2080 flies do not show an obvious light preference, and have a characteristic lower training and post-test score.
We examined activity levels in the pretest phase for all genotypes and conditions. In this case, there was some variation in activity between the different conditions for wild-type and mutant flies ( Table 2) . The presence or absence of a light cue did not consistently alter activity levels. The rut 2080 mutant flies showed inconsistent differences with wild-type flies. In the dark, rut 2080 mutant flies had significant higher activity level in the no-conditioning experiments, but not in the conditioning experiment. Similarly, in the light rut 2080 mutant flies had a significantly higher activity level in the no-conditioning experiment but not in the conditioning experiment. Since the pretest activity levels in the conditioning and no-conditioning experiments are essentially identical with respect to the temperature and temperature change contingencies, the significant differences are likely without impact on interpretation of training, post-test, and spontaneous place preference behaviors in the presence and absence of a light cue. The dnc 1 mutant flies' activity levels were not significantly different from those of wild-type levels in any condition.
Potential gravitational preference interaction with learning and memory
Finally, we examined how a gravitation cue might influence native preferences and interact with conditioned behavior. The heat-box Activity in the pretest period was examined in flies from three genotypes and in different conditions. Conditioning (yes/no), no-air and air conditions, the number of flies that were tested (n), the mean (a.u.), standard deviation (SD), and P-values comparing mutant flies activity levels to CS under the same conditions. ANOVA: F (11,1827) = 119.6 P < 0.00001. Duncan post hoc P-values are given.
was either not tilted, or tilted at 7.8°and 15.6°from the horizon, positioning the front of the chamber higher than the back. In all conditioning experiments the front, elevated end, of the chamber was associated with 41°C. The no-conditioning group similarly "associated" the front half of the chamber with a baseline temperature of 24°C. In this control group, the chambers were treated in exactly the same fashion as the conditioning group, but the chamber temperature never changed. Flies show no effect of an incline in the range tested on group average spontaneous preference, but show an interaction with place memory. Wild-type CS flies had an average place preference score of near zero in the three groups, 0°, 7.8°, and 15.6°in the "no-conditioning" group (Fig. 4A ). This shows that as a group, flies preferred neither the higher nor the lower ends of the chamber. In the conditioning group, CS flies had similar training performance at all angles from the horizon, but in the post-test phase flies trained against the higher end showed a significantly higher posttest performance level. Both the dnc 1 and rut 2080 flies showed no average preference for the elevated chamber end, similar to wildtype flies (Fig. 4B,C) . The training score was usually lower than the wild-type levels, the exception being dnc 1 flies at 0 degrees from the horizon. In all cases, the post-test score of the mutant flies was significantly different from the post-test scores of CS flies. Remarkably, and in contrast to the CS flies, there was no post-test phase advantage of training with the incline. Thus, in addition to the typically reduced post-test score of dnc 1 and rut 2080 flies, these mutant flies also fail to take advantage of the gravity vector to improve post-test performance.
We also examined activity levels in the pretest phase for all genotypes and conditions. In this case, there was some variation in activity between the different conditions, but no significant differences were identified between flies of the different genotypes when compared within specific conditions (Table 3) .
Discussion
A conceptual model explains the interaction of S-R behaviors with place learning and memory. We posit that a learning module provides inhibitory input to S-R based modules such that learning over-rides experience-independent behaviors. That is, cellular and circuit mechanisms of learning impinge on and suppress the systems that are critical for expression of stereotyped behavior. The stereotyped behaviors that were examined here are shifts in group average place preference with air and light. Moreover tests with a gravitaxis sensory modality suggests that cues that provide 2) = 37.5, P < 0.00001 for all groups and conditions. Duncan post hoc tests with significant differences are represented, (*) P < 0.05; (***) P < 0.001). This preference was also evident in the pretest phase of the conditioning experiment in the light compared to the dark. The learning and memory score during the training and post-test phases were statistically indistinguishable in the presence or absence of a lit chamber end. Activity in the pretest period was examined in flies from three genotypes and in different conditions. Conditioning (yes/no), dark/light, the number of flies that were tested (n), the mean (a.u.), standard deviation (SD), and P-values comparing mutant flies activity levels to CS under the same conditions. ANOVA: F (11,1675) = 12.0 P < 0.00001. Duncan post hoc P-values are given.
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In Drosophila place conditioning, learning has a remarkably strong influence on air and light-induced place preferences. Both light and air cues induced a significant group-average preference for the source of these cues, evident in place preferences that were significantly biased toward the chamber ends with the source of these stimuli (Figs. 2, 3) . However, when conditioned to avoid this chamber end, learning during the training phase and memory in the post-test were statistically indistinguishable in flies with and without these cues. Thus, a learning module completely suppresses the native S-R behavior in two different cases. The sole interaction was with a gravitaxis cue and an increase in memory levels as the incline increased (Fig. 4) , even though this cue did not induce a spontaneous average preference for this chamber end. This memory performance increase was not a result of increased training, since learning performance levels were similar across the different inclines. The increased memory performance was in the direction opposite of a potential native preference of moving up the chamber incline. The gravitaxis experiments suggest that nonobvious conditions can provide input to a learning module to positively influence place memory levels.
What influences the increased memory performance of flies in the presence of a gravitaxis cue, but completely suppresses light or air cue induced preferences? Even though light and air sources provide attractive cues to wild-type flies, this preference was completely abolished by learning conditions. Thus, it appears that the high-temperature reinforced place memory mechanisms can readily over-ride mechanisms for these attractions. Perhaps it is important that the gravitaxis cue was also the only cue that did not influence a spontaneous preference. It seems that in place conditioning with obvious cues that the suppression of the behavioral action of phototaxis and anemotaxis by conditioning is of paramount importance. In the presence of a subtle cue, flies take advantage of all information, and use the gravitational vector as an orientation aid. Place conditioning with aversive temperatures could be using very different mechanisms that impinge on the experience-independent visual-and air-dependent circuits. The gravitaxis circuits could be more integrated in the neural circuits that influence place conditioning (Zars et al. 2000b; Armstrong et al. 2006; Kamikouchi et al. 2009; Zars 2010) . The caveat here is that the stimulus intensities for the three cues have not been examined extensively. It may be that light brightness and air speed levels , and rut 2080 flies were presented with gravitaxis cues and trained against a potential preference. (A) There were no obvious group average preferences for a chamber end that was raised up to 15.6°. Conditioning, however, led to high training and post-test scores compared to no-conditioning (Wilks λ = 0.0184 F (51,509.9) = 28.3, P < 0.00001 for all groups and conditions. Duncan post hoc tests with significant differences are represented, (*) P < 0.05; (**) P < 0.01; (***) P < 0.001). The post-test scores were higher with 15.6°compared to the 0.0°, and 7.8°compared to the 0.0°, conditions. (B) Mutant dnc 1 flies showed no obvious preference for an elevated chamber end. The training and post-test performance was lower in dnc 1 flies compared to CS flies, with the exception of the training score in control conditions. (C ) Training and Post-test scores were lower in rut 2080 flies compared to CS levels tested under the same conditions. N = 16 trials for CS in each of the conditions; N's = 8 trials for dnc 1 and rut 2080 in each of the conditions. Values are presented as means and error bars are SEMs. Activity in the pretest period was examined in flies from three genotypes and in different conditions. Conditioning (yes/no), angle of the chambers from the horizon, the number of flies that were tested (n), the mean (a.u.), standard deviation (SD), and P-values comparing mutant flies activity levels to CS under the same conditions. ANOVA: F (17,2259) = 7.4, P < 0.00001. Duncan post hoc P-values are given.
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We find that mutation of the dnc cAMP-phosphodiesterase gene (Nighorn et al. 1991) has complex effects on learned and innate S-R behaviors. In the absence of overt sensory cues, dnc 1 mutant flies never had a significant reduction in training performance, but had a significant reduction in memory performance in all cases (Figs. 2-4) . In the presence of sensory cues, both the training and memory scores were significantly lower in all cases. The variable effect on place learning but overall reduction in memory performance is consistent with previous findings (Wustmann et al. 1996) . Moreover, in all cases dnc 1 mutant flies did not display an average preference for any discrete cue, including light and air source experiments. The lack of a phototactic response in dnc 1 mutant flies in the current conditions, with fairly low-light levels and in a narrow chamber, are in contrast to other results in which these flies have a normal attraction to light but a specific deficit in learning (e.g., Dissel et al. 2015) . The specific low-light conditions in the current experiments are likely responsible for these differences. The dnc 1 mutant flies also did not show an advantage in the memory score in the presence of potential gravitational cues. In our simple model, a learning module negatively influences nonconditioned behaviors. In the case of dnc 1 mutant flies, the learning module is altered such that the input on naïve behaviors is less influential.
Mutation of the rut adenylyl cyclase (Levin et al. 1992 ) is largely restricted to learning and memory phenotypes. In the absence of overt sensory cues, rut 2080 mutant flies have significantly lower learning and memory scores in all cases (Figs. 2-4) . Moreover, in the presence of overt cues, learning and memory scores are significantly lower in nearly all of the cases, the exception being in the presence of an air cue. The rut 2080 mutant flies only showed a consistent preference for an air source, and there was no effect of a potential gravitational cue on memory performance. As with dnc 1 flies, rut 2080 flies showed an enhanced reaction to the air stimulus in terms of locomotor activity reduction (Table 1) . Thus, although spontaneous preferences were not readily detected in most cases by rut 2080 flies, it seems likely from the results that the primary deficit in these flies is in the associative process, the learning module, which is consistent with previous views for the function of this gene (Dudai 1985; Levin et al. 1992; Zars et al. 2000a; Schwaerzel et al. 2002; Gervasi et al. 2010) .
The interaction of gravitaxis cues with place conditioning and the suppression of light and air source preferences add to a few examples of integration across different sensory modalities in Drosophila (Guo and Guo 2005; Chow and Frye 2008; Seugnet et al. 2008; Gaudry et al. 2012; Zhang et al. 2013; van Breugel and Dickinson 2014; Wasserman et al. 2015) . Flies can use visual feedback in a flight simulator to better orient toward a virtually local attractive odor source (Chow and Frye 2008; Wasserman et al. 2015) . Moreover, in cross-modal and sensory preconditioning learning experiments with visual and odor cues, a clear interaction of visual and olfactory information can influence learned behaviors (Guo and Guo 2005; Zhang et al. 2013) . That is, flies both show an enhanced conditioned avoidance of a visual or olfactory cue when the two cues that were conditioned were suboptimal and that flies can be trained to avoid one cue if it has been preassociated with a second cue. These studies suggest that the visual and olfactory neural systems converge at some level to influence action selection and ongoing behavior. We see a similar interaction with gravitaxis and place memory (Fig. 4) . Moreover, examination of chemotactic behavior in Drosophila larvae with paired and unpaired conditioning experiments suggests that learning can influence native S-R behaviors within a sensory modality (Schleyer et al. 2015) . In adult flies examined with a quinine conditioned suppression of light preference (the APS paradigm), a few paired experiences with the aversive gustatory cue is enough to suppress the light preference in a light/dark choice point. The effect of this conditioning is short-lived, with flies going back to a light preference quickly after the quinine contingency is removed (Seugnet et al. 2008 (Seugnet et al. , 2009 . We see a similar profile with the suppression of light and air source cues (Figs. 2, 3) . The difference here is that the suppression is longer lived, lasting at least 3 min.
The results here represent the first attempts to examine potential interactions of overt sensory cues and place learning and memory in behavioral action selection. Potential for interaction was tested with three sensory stimuli and place learning and memory using high-temperature aversive conditioning. Wild-type CS flies show an unexpected enhancement of memory in the presence of a gravitaxis cue, even though these flies do not show an influence of this cue in average preferences. Wild-type flies completely suppress light and air source preferences in place learning and memory. Mutation of the dnc 1 and rut 2080 flies show complex phenotypes, with the rut 2080 mutant flies consistently showing learning and memory deficits.
Materials and Methods
Drosophila treatment
Drosophila melanogaster were raised on cornmeal-based fly food media and maintained on a 12 h/12 h day/night cycle at 24°C and 60% relative humidity. For behavioral experiments wild-type Canton S (CS) flies at the age of 2-5 d were used. Prior to the behavioral experiments flies were provided 16-24 h on new fly food. The Canton S flies stem from the Martin Heisenberg laboratory stocks. The rutabaga adenylyl cyclase (rut
2080
) has a P-element insertion near the gene and has been described as a null allele. The dunce cAMP phosphodiesterase (dnc 1 ) was isolated from an EMS mutagenesis and is thought to be a hypomorphic allele. Both are in a Canton S background (Nighorn et al. 1991; Levin et al. 1992; Crittenden et al. 1998) .
Behavioral experiments
Place learning and memory was tested using the heat-box apparatus. The heat-box consists of multiple rectangular chambers in which single flies are allowed to walk freely back and forth (Zars 2009 (Zars , 2010 Ostrowski and Zars 2014) . The position of a single fly within each chamber is recorded throughout an experiment at 10 Hz and a resolution of 0.2 mm. Fast temperature changes within the chambers are provided by Peltier-elements on top and bottom. A computer coordinates rising temperatures with position of the fly. Before each training session flies are provided a pretest phase (60 sec) at constant 24°C to determine any potential spontaneous side preference. During conditioning (the training phases) one chamber half is defined as the side associated with high temperature and the other as not. Every time the fly enters the high temperature associated side the whole chamber heats up to an aversive temperature (41°C). The return of the fly to the other side quickly cools down the chamber to a nonaversive temperature (24°C) (Sayeed and Benzer 1996; Zars 2001) . The training phase was for 10 min. The following 3-min post-test measures place preference while the chamber is kept at the same nonaversive temperature. A PI is calculated by the difference in time a fly spent in either chamber half (unpunished side versus punished side) divided by the total time within a pretest, training, or post-test session. The PI can vary from 1.0 to −1.0. Zero indicates that on average the flies spent equal time on both sides of the chamber, whereas 1.0 shows a perfect side preference of the fly for the unpunished chamber half.
Flies were exposed to one of three stimuli that could act as attractive cues. In the first case, a localized air source was used. In this case, the air supply that is traditionally used to expel the flies was slightly opened to allow an airflow of ∼0.7 m/sec during the experiment. Conditioning associated the back, air-source containing chamber end with 41°C during training. The second case used a light source. The traditional opaque stoppers were replaced with translucent stoppers and the fluorescent room light was left on, providing approximately 200 lux light. Conditioning associated the front, brighter chamber end with 41°C during training. Finally, the chambers were put on an incline of 7.8 or 15.6°from the horizon. The control situation was no incline. Conditioning associated the front, higher chamber end with 41°C during training.
Data analysis
Position of flies within the chambers is recorded by a custom-made program and spatial preference (PI) of individual flies during all phases of an experiment are automatically calculated. Flies that were inactive during pretest or did not experience heat during training were automatically discarded in all experiments. Average PIs were calculated for each of the 8 to 16 experiments per genotype and experiment type. Data from two sets of eight experiments were combined for the wild-types flies since results were consistent between the experiments. The mean values were used in parametric ANOVA and Duncan's post hoc tests. Inspection of residual versus expected normal values indicate that the data are normally distributed, as is typical for this type of analysis (Tully and Quinn 1985; Zars et al. 2000a ). Data are shown as mean ± SEM. For statistical analysis Statistica 8 (StatSoft) was used.
